Summary A discovery of nucleolar organizer regions (NORs) polymorphism and karyological analysis in the crystal eye catfish, Hemibagrus wyckii (Bleeker, 1858) from Nong Khai and Sing Buri Provinces, Thailand, were investigated. The mitotic chromosome preparation was prepared by directly from kidney cells of five male and five female specimens. Conventional and Ag-NOR staining techniques were applied to stain the chromosomes. The results shown that the diploid chromosome number of H. wyckii was 2n=62 and the fundamental numbers (NF) of both sexes were 110. The karyotype consists of 14 large metacentric, 14 large submetacentric, 8 large acrocentric, 8 medium metacentric, 4 medium submetacentric, 6 medium telocentric, and 8 small telocentric chromosomes. No strange size chromosomes related to sex were observed. In addition, the interstitial nucleolar organizer regions (NORs) were clearly observed at the long arm of the chromosome pair No. 12. This is the first report on polymorphism of NORs in H. wyckii. The result revealed that a heteromorphic of one male and one female had a single NOR-bearing chromosome of chromosome pair No. 12 (12a12b), while four males and four females had two NOR-bearing chromosomes of the chromosome pair No. 12 with a homomorphic (12a12a). The karyotype formula for H. wyckii is as follows: The family Bagridae is a member of class Actinopterygii, order Siluriformes, and superfamily Bagroidea. Catfish are found in both Asia and Africa; containing over 200 species and found over 25 species in Thailand (Nelson 2006 , Ferraris 2007 , Vidthayanon 2005 . Species of the catfish genus Hemibagrus are large riverine catfishes found ubiquitously in river drainages east from the Ganges-Brahmaputra basin and south from the Yangtze basin. Throughout central Indochina (here defined as Indochina consisting of the Mae Klong, Chao Phraya, Bang Pakong, and Mekong River basins), as in other parts of Southeast Asia, they are an important source of animal protein for people (Hee and Rainboth 1999) . A crystal eyed catfish, Hemibagrus wyckii ( Fig.  1) (Ferraris 2007 , Rainboth 1996 , Vidthayanon 2005 .
Cytogenetic studies in Thai freshwater fishes are quite scarce, in which only conventional technique reported to determine chromosome number and karyotype composition has been carried out. Structure, number, and morphology of a nucleolar organizer region (NOR) may be specific to populations, species and subspecies. NOR is frequently used to compare variations, as well as to identify and explain specifications. Changes in chromosome number and structure can alter the number and structure of NOR. Robertsonian translocations may cause losses of NOR (Yüksel and Gaffaroğlu 2008) . NORs can be the perfect markers to display wide chromosomal polymorphism within and between species in many fish groups. This variety may affect NOR number, its localization on the chromosome, size, and active numbers in each genome. The previous NOR studies showed variations between species, within species, and even between individuals (Galetti Jr. et al. 1984 , John et al. 1993 , Castro et al. 1996 . NORs on different homologous chromosomes may have different sizes or number. It has been reported that this extent of variety between NORs may be attributed to number of cistrons and differences in transcriptional activity (Galetti Jr. et al. 1984) .
Up to the present, only eight species of the genus Hemibagrus have been cytogenetically analyzed presenting the diploid chromosome number (2n) ranging from 48 chromosomes in H. menoda (Lakra and Rishi 1991) to 62 chromosomes in H. wyckii (Donsakul 2001 , Supiwong et al. 2014a , 2014b . Moreover, the 2n intra- specific variations were also found in several species such as H. menoda, 2n= 48 (Lakra and Rishi 1991), 2n= 58 (Das and Khuda-Bukhsh 2007a) ; H. nemurus, 2n= 56 Tripathi 1986Khuda-Bukhsh et al. 1995) , 2n= 58 (Barat and Khuda-Bukhsh 1986) and H. wyckii, 2n= 54 (Magtoon and Arai 1988) , and 2n= 62 (Donsakul 2001 , Supiwong et al. 2014a , 2014b . Although there are few reports on fluorescence in situ hybridization (FISH) technique using ribosomal RNA genes, some microsatellites and repetitive DNA sequences mapping to the Bagridae fish chromosomes (Supiwong et al. 2013a (Supiwong et al. , 2014a (Supiwong et al. , 2014b , the Ag-NOR Supiwong et al. 2014a Supiwong et al. , 2014b Remarks: 2n=diploid chromosome number, NF=fundamental number (number of chromosome arm), m= metacentric, sm=submetacentric, st =subtelocentric, a=acrocentric, t = telocentric chromosome, NOR= nucleolar organizer region, and = not available.
banding in this Hemibagrus has not been reported. In the present article, our goal is to indicate the first finding of NOR polymorphism and chromosome analysis in the H. wyckii from Thailand, using conventional staining and Ag-NOR banding techniques.
Materials and methods
Five males and five females of H. wyckii were obtained from the Mekong River, Nong Khai Province, Northeast of Thailand and the Chao Phraya River, Sing Buri Province, Central part of Thailand. The fish were transferred to laboratory aquaria and were kept under standard condition for seven days prior to the experiments. Procedures for fish chromosome were prepared by directly prepared from kidney cells modifying from Supiwong et al. (2012a) . The chromosome preparations were stained with 10% Giemsa s for 30 min and NORs were identified by Ag-NOR staining (Howell and Black 1980) . The metaphase figures were analyzed according to the chromosome classification following by Turpin and Lejeune (1965) and Chaiyasut (1989) .
Results and discussion

Chromosome number, fundamental number and karyotype of H. wyckii
Cytogenetic studies have been performed on 10 specimens of H. wyckii from Thailand. The results revealed that the diploid chromosome number of H. wyckii was 2n= 62, in both sexes (Figs. 2, 3 ). This is in accordance with the previous studies of Donsakul (2001) and Supiwong et al. (2014a Supiwong et al. ( , 2014b . However, it is different from former report of Magtoon and Arai (1988) who found the 2n of H. wyckii as 54 chromosomes. Comparative cytogenetic data among species of the genus Hemibagrus is presented in the Table 1 . The present result of 2n is also different from other species (Barat and Khuda-Bukhsh 1986 , Sharma and Tripathi 1986 , Yu et al. 1989 , Lakra and Rishi 1991 , Khuda-Bukhsh et al. 1995 , Donsakul 2001 , Das and Khuda-Bukhsh 2007a , Supiwong et al. 2014a , 2014b . It is interesting that the 2n intra-specific variations were also found in several species such as H. menoda (2n= 48 and 2n= 58), H. nemurus (2n=56 and 2n= 58) and H. wyckii (2n=54 and 2n= 62). These variations may be caused from chromosome rearrangement (centric fusion and pericentric inversion) dur- ing evolution in this genus between populations and/or the misidentified specimens chromosome studied. The NF or the number of chromosome arms of H. wyckii were 110 in both males and females. Although our result presented the same 2n as in some previous studies, the NF are different. Donsakul (2001) reported that H. wyckii had NF=106 whereas Supiwong et al. (2014a) reported NF=102. These differences may be due to different criteria used for the chromosome classification and inter-population variation in this family. The NF in the genus Hemibagrus vary from 72 to 110. Ghigliotti et al. (2007) assumed that species with a larger NF are more advanced in evolutionary terms. Such changes in chromosome arm number appear to be related to the occurrence of pericentric inversions, which are among the most common modifications contributing to karyotypic rearrangement in fishes and other vertebrates (King 1993 , Wang et al. 2010 .
All specimens investigated have no cytologically distinguishable sex chromosome. This characteristic is similar to other in the Bagridae family of Thailand. However, some bagrid catfishes in India, including M. gulio and M. tengara have differentiated sex chromosome systems as XX/XY and ZZ/ZW, respectively (Arai 2011) . Thus, it indicates that differentiated sex chromosomes are rare in bagrid catfishes. The karyotype of H. wyckii composed of 14 large metacentric, 14 large submetacentric, 8 large acrocentric, 8 medium metacentric, 4 medium submetacentric, 6 medium telocentric, and 8 small telocentric chromosomes (Table 2 ). The present result is disagreement from Donsakul (2001) and Supiwong et al. (2014a Supiwong et al. ( , 2014b . These differences may be due to from the differences in chromosome classification and/or the variation within species, since they represent different populations. The karyotype formulae for eight analyzed species of Hemibagrus, show the variation found in the number of metacentric, submetacentric, acrocentric, and telocentric chromosomes even inside the same genus.
Chromosome markers of H. wyckii
Chromosomal studies on fishes have been providing new information about karyotypical variability at inter and intraspecific levels, which can be of great interest to phylogenetic, systematics and taxonomy (Centofante et al. 2002) . In the present study, this is the first report on Thai bagrid catfishes accomplished by Ag-NOR banding technique. The objective of Ag-NOR banding technique is to check the nucleolar organizer region/NOR which is the representative location of genes (loci) that function in ribosome synthesis (18S and 28S ribosomal RNA) (Sharma et al. 2002) . If these regions were active during the interphase prior to mitosis, they can be detected by silver nitrate staining (Howell and Black 1980) since it specifically stain a set of acidic protein related to ribosomal synthesis process; this technique actually reveals active NORs (Ag-NORs) and not the rDNA associated to NORs (Jordan 1987 ). Analysis of chromosome from H. wyckii revealed the positive Ag-NOR marks on a single pair of homologous chromosomes. The interstitial NOR on the long arm in a pair of submetacentric chromosome pair No. 22 was observed (Figs. 4, 5) . These positive marks are in accordance with the secondary constriction. A single chromosome pair of Ag-NOR marks, there is in agreement with H. menoda menoda (Barat and Khuda-Bukhsh 1986) , M. bocourti (Supiwong et al. 2013a) , Pseudomystus siamensis (Supiwong et al. 2013b ), Horabagrus brachysoma, Ho. Nigricollaris, M. cavasius, M. vittatus, Pelteobagrus ussuriensis, Pseudobagrus vachellii (Arai 2011 ), M. gulio, Rita rita (Das and Khuda-Bukhsh 2007b and Sperata seenghala (Das and Khuda-Bukhsh 2007a) . Moreover, it is similar to several species in other families. However, it is different from Tachysurus fulvidraco which has two pairs of NOR-bearing chromosomes (reviewed in Arai 2011).
Intra specific NOR polymorphism between homologous chromosome pair was also exhibited in one male and one female specimens of H. wyckii. Two specimens had a single NOR-bearing chromosome of the chromosome pair No. 12 (12a12b), while four females and four males had two NOR-bearing chromosomes of the chromosome pair No. 12 with a homomorphism (12a12a) (Figs. 4, 5) . This is in agreement with several previous reports on the finding in Moenkhausia sanctaefilomenae (Foresti et al. 1989) , Aphanius fasciatus (Vitturi et al. 1995) , Leporinus friderici (Galetti Jr. et al. 1995) , Salmo trutta (Castro et al. 1996) , Salvelinus alpines (Reed and Phillips 1997) , Chondrostoma lusitanicum (Rodrigues and Collares-Pereira 1996, Collares-Pereira and Ráb 1999) , Hoplias malabaricus (Born and Bertollo 2000) , Oedalechilus labeo (Rossi et al. 2000) , Astyanax scabripinnis (Mantovani et al. 2000 , Marco-Ferro et al. 2001 , Souza et al. 2001 , A. altiparanae (Pacheco et al. 2001 , Mantovani et al. 2005 , Bryconamericus aff. exodon (Paintner-Marques et al. 2002) , Apareiodon affinis (Jorge and Filho 2004) , Aphanius fasciatus (Vitturi et al. 2005) , Prochilodus lineatus (Gras et al. 2007) , B. aff. iheringii (Capistano et al. 2008) , Puntioplites proctozysron (Supiwong et al. 2012b) and Lutjanus johnii (Phimphan et al. 2013) . Therefore, different karyotypes are found even in small and isolated populations of these species. The use of NORs in explaining kinships depends on a large extent on the uniformity of this characteristic and on the degree of variety within a taxon (Yüksel and Gaffaroğlu 2008) . All specimens investigated in the present study have the interstitial NOR on long arm of the submetacentric chromosome pair. The interstitial NOR found in this species is similar to P. siamensis populations from the Songkham and Chao Phraya Basins but there is different result from the Chi River population that they pose telomeric NOR (Supiwong et al. 2013b) . Ag-NOR signals coincide with localization of major ribosomal genes by FISH which was described in several fish species (Almeida-Toledo et al. 2002 , Hatanaka and Galetti 2004 , Rosa et al. 2006 , Wasko and Galetti 2000 . According our result, the Ag-NOR signals were consistent with major ribosomal genes in H. wyckii (Supiwong et al. 2014a) . In fish, the location of NORs in a terminal position and close to the centromeres is also pondered a primitive feature or the plesiomorphic condition for major ribosomal genes (Vitturi et al. 1995) . On the other hand, the Ag-NOR signals are located at interstitial positions on the long arm of a submetacentric chromosome pair in H. wyckii. Thus, H. wyckii is considered as the apomorphic characteristic for major ribosomal genes.
The important chromosome marker of the H. wyckii is the asymmetrical karyotype that all four types of chromosomes (metacentric, submetacentric, acrocentric, and telocentric chromosomes) were found. An idiogram demonstrates a continuous length gradation of chromosomes. The largest and smallest chromosomes show size difference (approximately three folds). The chromosome marker of H. wyckii is chromosome pair No.1, which is the largest metacentric chromosome and chromosome pair No. 31, is the smallest telocentric chromosome. The data of the chromosomal checks on mitotic metaphase cells of H. wyckii are showed in Tables 2. The idiograms from conventional staining and NOR banding techniques are showed in Figs. 6 and 7. The karyotype formula for H. wyckii is as follows: 
